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Aims: The purpose of this study was to examine whether the use of intraperitoneal or intrathecal amitripty-
line combined with electroacupuncture modiﬁes the tail-ﬂick reﬂex and incision pain in rats that normally do
not have analgesia to electroacupuncture in the tail-ﬂick test (non-responder rats).
Main methods: Changes in the nociceptive threshold of intraperitoneal or intrathecal saline- or amitriptyline-
treated non-responder rats were evaluated using the tail-ﬂick or incision pain tests before, during and after a
20-min period of electroacupuncture, applied at 2 Hz to the Zusanli and Sanynjiao acupoints. Amitriptyline
was used at doses of 0.8 mg/kg or 30 μg/kg by intraperitoneal or intrathecal route, respectively. At these
doses, amitriptyline has no effect against thermal or incision pain in rats.
Key ﬁndings: Rats selected as non-responders to the analgesic effect of electroacupuncture 2 Hz in tail-ﬂick
and incision pain tests become responders after an intraperitoneal or intrathecal injection of amitriptyline.
Signiﬁcance: Amitriptyline converts non-responder rats to rats that respond to electroacupuncture with anal-
gesia in a model of thermal phasic pain and anti-hyperalgesia in a model of incision pain.© 2012 Elsevier Inc. Open access under the Elsevier OA license.Introduction
The analgesic effect of electroacupuncture (EA) is well established
(Han and Ho, 2011), but its essential mechanisms are not yet completely
understood (see review Gao et al., 2007). Consequently, interest in acu-
puncture research is growing progressively (Han, 2011). The mechanism
of action of EA is assumed to depend on spinal monoaminergic, opioid,
cholinergic and GABAergic mediation (Zhao, 2008). Low frequency
(2–10 Hz) EA increases the spinal release of endorphins, enkephalins
and beta-endorphins, which act via μ- and δ-opioid receptors (Han,
2003). High frequency (50–100 Hz) EA elevates the levels of spinal
dynorphin, which acts via κ-opioid receptors (Fei et al., 1987). The anal-
gesic effect of acupuncture is characterized by individual differences
(Zhao, 2008) that were reported in human beings (Kong et al., 2005)
and rodents (Sudakov et al., 1996), such that individuals can be classiﬁed
as responders or non-responders (Takeshige et al., 1983). Therefore, al-
ternatives that modify the analgesic efﬁcacy of EAmay bemisinterpreted
if non-responder and low-responder rats are pooled in the same experi-
mental group.
Antidepressants, particularly amitriptyline (Rowbothamet al., 2005;
Saarto andWiffen, 2005), arewidely used in themanagement of neuro-
pathic pain (Sindrup and Jensen, 1999). In addition to other alterna-
tives, the analgesic property of antidepressants involves potentiationology, Faculty of Medicine of
Ribeirão Preto, SP, Brazil. Tel.:
).
vier OA license.of endogenous opioidmechanisms and increased activity of descending
serotonergic and noradrenergic inhibitory pain pathways (Tura and
Tura, 1990; Sindrup and Jensen, 1999). Stimulation of brain structures
involved in descending serotonergic and noradrenergic inhibitory
pain pathways, such as the nucleus raphe magnus, periaqueductal
gray and locus coeruleus, potentiates EA analgesia, whereas lesion or
neural block of any of these structures attenuates it (Zhao, 2008).
Consequently, the possibility remains for a synergistic effect of amitrip-
tyline and EA in pain management. Indeed, amitriptyline and EA have a
synergistic effect against incision pain in responder rats (Fais et al.,
2012). The present study examines whether the use of intraperitoneal
(i.p.) or intrathecal (i.t.) amitriptyline combined with EA modiﬁes the
tail‐ﬂick reﬂex and incision pain in non-responder rats.
Materials and methods
Materials
This study was conducted using 150 male Wistar rats (140–160 g)
from themain Animal House at the Campus of Ribeirão Preto, SP, Brazil.
Female rats were not used in this study because hormonal cycle might
affect behavioral responses to noxious stimuli (Frye et al., 1993;
Kayser et al., 1996). In addition, descending noradrenergic and seroto-
nergic pathways, which are known to contribute with the analgesia in-
duced by acupuncture (Zhao, 2008), were found to be differently
involved in the action of descending modulations of nociception in
rats of both sexes (Lei et al., 2011). Animals were housed two to a
cage under controlled temperature (24±2 °C) with free access to
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USA).
Methods
Experiments were approved by the local Commission of Ethics in
Animal Research (Number 142/2009). The Committee for Research
and Ethical Issues of IASP (Zimmermann, 1983) guidelines were
followed throughout the experiments. Each rat was used on only
one occasion. The experiments were always carried out at the morn-
ing period (8:00 and 11:00 a.m.). Electroacupuncture procedures
were always carried out by the same experimenter (R.S.F.) who was
unaware of any previous treatment. Each animal was ﬁrst given the
tail-ﬂick test before and after a 20-min period of EA 2 Hz applied to
the acupoints Zusanli (ST36, 5 mm lateral to the anterior tubercle of
the tibia) and Sanyinjiao (SP6, 3 mm proximal to the medial
malleolus, at the posterior border of the tibia). The current intensity
(around 1.5 mA) was 10 times the muscle twitch threshold of each
animal. The animal was considered a non-responder and used in
this study if the tail-ﬂick latency (TFL) at the end of the EA period
was less than baseline TFL+3 SD.
Tail-ﬂick test
The tail-ﬂick test was used to ensure that the threshold to heat
stimulus was not depressed by the anesthetic procedures during EA.
Each animal was placed in a ventilated tube with the tail laid across
a nichrome wire coil maintained at room temperature (23±2 °C).
The coil temperature was then raised by the passage of electric cur-
rent, and the TFL was measured. Heat was applied to a portion of
the ventral surface of the tail between 4 and 6 cm from the tip. Each
trial was terminated after 6 s to minimize the possibility of skin dam-
age. Anesthetized rats were maintained on a wooden plate while TFL
was measured.
Incision pain
Each animal was anesthetized with isoﬂurane (in oxygen ﬂow; 2%
for induction and 0.5% for maintenance) via a loose-ﬁtting, cone-
shaped mask. A 1-cm longitudinal incision was made with a surgical
blade through the skin and fascia of the plantar aspect of the right
hind paw, starting 0.5 cm from the proximal edge of the heel, as de-
scribed elsewhere (Brennan et al., 1996). The skin was then sutured
with two 5‐0 nylon stitches. The MS thresholds for both hind paws
of each rat were measured once more 24 h after the incision was
made, because at this moment the incised rats did not display im-
paired weight bearing on the area of the incision.
The assessment of mechanical stimulation (MS) threshold
Rats were placed in an elevated clear plastic cage (21×27×20 cm)
with a nylon mesh bottom, which allows easy access to the plantar
surface of the paw. The basal mechanical stimulation (MS) threshold
was measured with an electronic von Frey apparatus (IITC Electronic
Equipment, CA, U.S.A.), consisting of a handheld probe unit to which a
rigid plastic tip (tip area=0.44 mm2) is connected. The plastic tip was
applied with increasing force in an upward direction against sites near
the heel, 1–2 mm medial to the sight of the future incision, and to
similar sites in the non-incised hind paw until a withdrawal of the
stimulated paw occurred. The upper limit of the applied force was
70 g. During this procedure, the applied force was continuously
recorded by a main unit connected to the probe. A single trial consisted
of 3 applications of the tip, once every 5 s in each hind paw. Themean of
three readings was taken as the threshold for a particular timing trial.Electroacupuncture
Procedures were conducted in rats anesthetized with isoﬂurane
(in oxygen ﬂow; 2% for induction, and 0.5% for maintenance) to min-
imize the stress induced by the animal restraint that is necessary for
needle insertion and stimulation (Wen et al., 2007). Stainless steel
acupuncture needles (0.18 mm×8 mm) were inserted at a depth of
5 mm into each hind leg at the acupoints Zusanli and Sanyinjiao.
Stimuli were generated by a constant current pulse generator model
EL-608 (NKL, Brusque, SC, Brazil) and applied for 20 min to both
hind legs simultaneously. The stimuli were set as square waves at a
frequency of 2 Hz (0.3 ms width). The current intensity was increased
in a stepwise fashion until a muscle twitch was observed (140 to
150 μA) as proposed elsewhere (Romita et al., 1997; Lao et al.,
2004). EA was then performed using a current intensity 10 times
the muscle twitch threshold of each animal (Silva et al., 2010). Ani-
mals allocated into EA sham groups were placed in the same appara-
tus and underwent needle insertion in the same acupoints, but no
electrical current was applied to them (Huang et al., 2002), thus all-
owing the experimenter to examine the possibility that simple inser-
tion of needles caused signiﬁcant nociceptive threshold inﬂuences
(Fang et al., 2004).
Intrathecal injection
A 1-in, 25-gauge needle was transcutaneously introduced at the
L5–L6 levels into the subarachnoid space of rats lightly anesthetized
with isoﬂurane, as described elsewhere (Mestre et al., 1994). A sud-
den lateral movement of the tail was taken as indicative of the needle
entering the subarachnoid space. A 10 μl volume was injected at a
constant velocity, and the syringe was then held in position for a
few seconds and gradually removed to avoid any outﬂow of the
drug. This procedure lasted approximately 3 min, after which anes-
thesia was discontinued. All solutions contained 1% fast green dye
to conﬁrm the correct position of the catheter.
Experimental protocol
Experiments were conducted in groups of 6 non-responder rats.
Control rats received saline (0.8 ml/kg i.p. or 10 μl i.t.) or amitripty-
line (0.8 mg/kg i.p. or 30 μg/kg diluted in 10 μl saline i.t.) and were
later exposed to EA sham. The doses of amitriptyline used here
were taken from an earlier study (Fais et al., 2012).
A total of 48 animals selected as non-responders were used for the
study in the following manner: animals used for i.p. injections (n=24)
were divided in Group 1 (n=6) EA sham-saline injection; Group 2
(n=6) EA (2 Hz)-saline injection; Group 3 (n=6) EA sham-
amitriptyline injection; Group 4 (n=6) EA (2 Hz)-amitriptyline injec-
tion. The animals used for i.t. injections (n=24) were divided in Group
1 (n=6) EA sham-saline injection; Group 2 (n=6) EA (2 Hz)-saline in-
jection; Group 3 (n=6) EA sham-amitriptyline injection; Group 4
(n=6) EA (2 Hz)-amitriptyline injection.
The experimental protocol used in this study is summarized in
Fig. 1. Seven days after the selection, non-responder rats underwent
surgical incision of the right hind paw under isoﬂurane anesthesia.
The surgical procedure was completed in approximately 3 min, after
which anesthesia was discontinued. The rats then remained in the
plastic cage for 30 min to allow behavioral acclimation. The threshold
to MS was measured immediately before the anesthesia (and repeat-
ed 24 h after surgery), followed by measurement of the baseline TFL,
which was performed at 5-min intervals in four consecutive trials.
Five minutes after the last trial, saline or amitriptyline (Sigma, St.
Louis, MO, USA) was injected by the i.p. or i.t. route, and the threshold
to MS was measured 15 min later. Thirty minutes after injection, TFL
was measured at 5-min intervals in four consecutive trials. Isoﬂurane
anesthesia was restarted, and the TFL was measured 10 min after
Fig. 1. Summary of the protocol used in the study. Abbreviations: EA= electroacupuncture; MS=mechanical stimulation; TFT= tail-ﬂick test; i.p. = intraperitoneal; i.t. = intrathecal.
16 R.S. Fais et al. / Life Sciences 91 (2012) 14–19animals were anesthetized. Five minutes later, needles were inserted,
and EA or EA sham was applied for 20 min. TFL was measured 5 min
after the beginning of EA and repeated at 5-min intervals in three
consecutive trials. The stimulator was turned off, and isoﬂurane anes-
thesia was discontinued. Fifteen minutes later, the threshold to MS
was measured at 10-min intervals in seven consecutive trials. Each
rat received only one i.p. or i.t. injection.
Data analysis
Tail-ﬂick latencies (in seconds) and thresholds to MS (in grams)
are reported as the mean±SD. Comparisons between saline/EA
sham rats and test groups were made by multivariate analysis of var-
iance (MANOVA) with repeated measures to compare the groups
over all times. The factors analyzed were treatments, time and
treatment×time interaction. In the case of treatment×time interac-
tion, one-way analysis of variance followed by a Bonferroni correction
was performed for each time. The durations of the EA effect when
combined with saline (group sal/EA 2 Hz) vs. with amitriptyline
(group ami/EA 2 Hz) were compared using ANOVA followed by
Tukey's multiple comparison test. The analysis was performed using
the statistical software package SPSS/PC+, version 17.0. The level of
signiﬁcance was set at pb0.05 in all cases.
Results
One hundred and ﬁfty rats were initially used to determine
whether they developed analgesia in response to EA. One hundred
and two (68%) were classiﬁed as responders and 48 were non-
responders (32%). Only non-responder rats were used in the follow-
ing experiments. Incised rats had no impaired weight bearing 24 h
after surgery. The animals tolerated needle insertion and EA stimula-
tion well under 0.5% isoﬂurane.
Changes induced by intraperitoneal amitriptyline on the effects of EA
2 Hz in the tail‐ﬂick test and in a model of incision pain
This experiment was conducted on 4 groups of 6 rats each, and the
results are shown in Fig. 2. The EA sham and EA 2 Hz groups, treated
with ip saline (0.8 ml/kg) and amitriptyline (0.8 mg/kg), respectively,
did not differ signiﬁcantly in baseline TFL (Fig. 2A) or threshold to MS
of the right (Fig. 2B) or left (Fig. 2C) hind pawmeasured before surgery.
The TFL measurements of rats treated with saline or amitriptyline did
not differ signiﬁcantly from baseline before and during anesthesia in
the presence of EA sham. The TFL also did not change signiﬁcantly in
saline-treated rats after 20 min of EA 2 Hz. In contrast EA 2 Hz induced
progressive increase of the TFL to up to 6 s in amitriptyline-treated rats.
The curves in Fig. 2A were signiﬁcantly different regarding treatment(F3,20=10.28; p=0.0003), time (F12,240=38.52; pb0.0001), and
treatment×time interaction (F36,240=25.51; pb0.0001).
Twenty-four hours after surgery, a signiﬁcant reduction in the
threshold to MS occurred in the incised (Fig. 2B) but not the non-
incised paw (Fig. 2C). Compared with the value obtained 24 h after
the incision, the thresholds to MS in the incised and non-incised
paws in rats treated with i.p. saline or amitriptyline and exposed to
EA sham did not signiﬁcantly change throughout the remainder of
the observation. The threshold to MS in both hind paws of saline-
treated rats did not change signiﬁcantly after EA 2 Hz. In contrast,
the threshold to MS measured in the incised paw 15 min after EA
2 Hz was signiﬁcantly above the control in i.p. amitriptyline-treated
rats lasting up to 30 min (Fig. 2B). However, the threshold to MSmea-
sured in the non-incised paw 15 min after EA 2 Hz did not differ sig-
niﬁcantly from control in i.p. amitriptyline-treated rats (Fig. 2C).
The curves in Fig. 2B were signiﬁcantly different regarding treat-
ment (F3,20=66.43; pb0.0001), time (F9,180=104.9; pb0.0001), and
treatment×time interaction (F27,180=9.24; pb0.0001). The curves
in Fig. 2C did not differ regarding treatment (F3,20=1.37; p=0.28),
time (F9,180=3.61; pb0.0004), and treatment×time interaction
(F27,180=1.59; pb0.038).
The times during which the threshold to MS of the incised and
non-incised paws were statistically greater than that of the EA sham
groups were compared (Fig. 2D). The duration of the EA 2 Hz-induced
reduction in threshold to MS in the incised paw was signiﬁcantly lon-
ger (by approximately 7-fold) in amitriptyline- vs. saline-treated rats
(t10=4.61; p=0.001). A very small and brief effect of EA 2 Hz oc-
curred in the non-incised paw, and in this case the duration in
amitriptyline- and saline-treated rats was not signiﬁcantly different
(t10=1.53; p=0.156).Changes induced by intrathecal amitriptyline on the effects of EA 2 Hz in
the tail-ﬂick test and in a model of incision pain
This experimentwas conducted on 4 groups of 6 rats each and the re-
sults are shown in Fig. 3. The EA sham and EA 2 Hz groups treated with
saline (0.8 ml/kg) or amitriptyline (30 μg/kg, diluted in 10 μl of saline)
did not differ signiﬁcantly regarding baseline TFL (Fig. 3A) and threshold
toMS of the right (Fig. 3B) or left (Fig. 3C) hind pawmeasured before sur-
gery. The TFL did not differ signiﬁcantly from baseline before and during
anesthesia in saline- or amitriptyline-treated rats exposed to EA sham.
The TFL also did not change signiﬁcantly in saline-treated rats exposed
to a 20-min period of EA 2 Hz. In contrast, a progressive increase of the
TFL to up to 6 s occurred during application of EA 2 Hz to amitriptyline-
treated rats. The curves in Fig. 3A were signiﬁcantly different regarding
treatment (F3,20=8.73; p=0.0007), time (F12,240=39.79; pb0.0001),
and treatment×time interaction (F36,240=26.13; pb0.0001).
Fig. 2. Time course of the changes induced by 20 min electroacupuncture (EA) at 2 Hz frequency on the tail-ﬂick latency (A) and threshold tomechanical stimulation in amodel of incision
pain (B and C) of rats anesthetized with isoﬂurane for 35 min and treated with intraperitoneal saline (sal=0.8 ml/kg) or amitriptyline (ami=0.8 mg/kg). The moment of injection is
shown in A with a single arrow. The threshold to mechanical stimulation was measured in the plantar surface of the incised (B) and non-incised (C) hind paws before (a) and 24 h
after (b) surgery, 15 min after injection (c) and at different times after EA. The times (minutes) during which the threshold to mechanical stimulation of incised and non-incised paws
were signiﬁcantly different from that of the sal/EA sham group is shown in D. Groups sal/EA sham and ami/EA sham were used as control in A, B and C. Points are means±SD of 6
rats per group. Pb0.05 compared with sal/EA sham (*) or any other group (#) in A, B and C. In D, (*) indicates a signiﬁcant difference between sal/EA 2 Hz and ami/EA 2 Hz groups
(Pb0.05).
Fig. 3. Time course of the changes induced by 20 min electroacupuncture (EA) at 2 Hz frequency on the tail-ﬂick latency (A) and threshold tomechanical stimulation in amodel of incision
pain (B and C) of rats anesthetized with isoﬂurane for 35 min and treated with intrathecal saline (sal=10 μl) or amitriptyline (ami=30 μg/kg, diluted in 10 μl saline). The moment of
injection is shown in A with a single arrow. The threshold to mechanical stimulation (in grams) was measured in the plantar surface of the incised (B) and non-incised (C) hind paws
before (a) and 24 h after (b) surgery, 15 min after injection (c) and at different times after EA. The times (minutes) during which the threshold to mechanical stimulation of incised
and non-incised paws were signiﬁcantly different from that of the sal/EA sham group is shown in D. Groups sal/EA sham and ami/EA sham were used as control in A, B and C. Points
are means±SD of 6 rats per group. Pb0.05 compared with sal/EA sham (*) or any other group (#) in A, B and C. In D, (*) indicates signiﬁcant difference between sal/EA 2 Hz and ami/
EA 2 Hz groups (Pb0.05).
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(Fig. 3B) but not in the non-incised paw (Fig. 3C) 24 h after surgery.
Compared with the value obtained at 24 h after the incision, the
thresholds to MS in the incised and non-incised paws in saline- or
amitriptyline-treated rats exposed to sham EA did not signiﬁcantly
change throughout the remainder of the observation. The threshold to
MS in both hind paws of saline-treated rats did not change signiﬁcantly
after EA 2 Hz. In contrast, the threshold to MS measured in the incised
paw 15 min after EA 2 Hz was signiﬁcantly elevated above the control
in amitriptyline-treated rats lasting up to 30 min (Fig. 3B). However,
the threshold to MS measured in the non-incised paw 15 min after EA
2 Hz did not differ signiﬁcantly from control in amitriptyline-treated
rats (Fig. 3C).
The curves in Fig. 3B were signiﬁcantly different regarding treat-
ment (F3,20=17.04; pb0.0001), time (F9,180=91.07; pb0.0001),
and treatment×time interaction (F27,180=10.02; pb0.0001). The
curves in Fig. 3C did not differ regarding treatment (F3,20=8.32;
pb0.0009), time (F9,180=2.74; pb0.005), and treatment×time inter-
action (F27,180=1.48; p=0.067).
The periods during which the thresholds to MS of the incised and
non-incised paws were signiﬁcantly higher than that of the EA sham
groups were compared (Fig. 3D). The duration of the EA 2 Hz-induced
reduction of threshold to MS in the incised paw of amitriptyline-
treated rats was signiﬁcantly longer (approximately 8-fold) than in
saline-treated rats (t10=4.71; p=0.0008). A very small and brief ef-
fect of EA 2 Hz was obtained in the non-incised paw, but the duration
in amitriptyline- and saline-treated rats was not signiﬁcantly differ-
ent (t10=0; p=1).
Discussion
The presented results demonstrate for the ﬁrst time that rats selected
as non-responders to the analgesic effect of EA 2 Hz in tail-ﬂick and inci-
sion pain tests become responders after an intraperitoneal or intrathecal
injection of amitriptyline. Incised rats had no impaired weight bearing
24 h after surgery. This is quite different from the data reported else-
where by Brennan et al. (1996). The animal weight used by Brennan
(300–350 g) was heavier than that used here (140–160 g) and my
account for the difference. The doses of amitriptyline used here alone
did not change the TFL or the threshold to MS of the incised paw in EA
sham rats. These results are in agreementwith the former demonstration
that EA 2 Hz-induced analgesia in the tail-ﬂick test is potentiated, and the
EA 2 Hz-induced antihyperalgesic effect in the incision pain test in re-
sponder rats lasts longer after intraperitoneal or intrathecal injection of
amitriptyline than after saline (Fais et al., 2012). The effect of EA on
amitriptyline-treated non-responder rats (this study) and saline-treated
responder rats (Fais et al., 2012) lasts up to 45 min. In addition, the effect
of amitriptyline in non-responder rats was similar in efﬁcacy and dura-
tion for both intraperitoneal and intrathecal injection routes. We may
therefore suggest that amitriptyline converted non-responder rats into
responder rats.
The animals used in this study were maintained anesthetized with
isoﬂurane during the needle insertion and EA procedures. Isoﬂurane
provides optimal conditions for the study of EA-induced analgesia in
rats (Kung et al., 2011). In fact, the TFL before anesthesia and during
sham EA conducted on anesthetized rats was not different. In addi-
tion, the withdrawal thresholds to MS in the incised and non-
incised paws of sham EA rats treated with saline or amitriptyline
also did not change throughout the post‐incision period of observa-
tion. We can conclude that isoﬂurane anesthesia is unlikely to inter-
fere with the EA-induced increase in TFL or reduction in incision
hyperalgesia, as proposed elsewhere (Wen et al., 2007).
The EA was not effective against incision pain in saline-treated
non-responder rats. This result contrasts with the demonstration
that EA evokes analgesia in non-responder rats after induction of in-
ﬂammation by carrageenan (Sekido et al., 2003). However, thedemonstration that incision pain involves different mechanisms com-
pared with inﬂammatory and neuropathic pain (Pogatzki et al., 2002)
may account for this discrepancy.
Descending pain inhibitory pathways are also activated by EA (Lee
et al., 2007; Toda, 1982; Silva et al., 2011). Stimulation of brain struc-
tures participating in descending pain inhibitory pathways, such as
the periaqueductal gray, nucleus raphe magnus and locus coeruleus,
potentiates EA analgesia, whereas lesion or neural block of any of
them attenuates it (Zhao, 2008). Moreover, lesion of the dorsolateral
funiculus, through which pain inhibitory pathways descend to the
spinal cord (Heinricher et al., 2009), inhibits EA analgesia in different
pain models (Lee et al., 2007; Li et al., 2005; Shen et al., 1975; Silva
et al., 2010). Inhibition of norepinephrine and serotonin uptake
at spinal terminals of descending pain inhibitory pathways has long
been proposed as a mechanism through which amitriptyline and
other antidepressants control chronic pain (Sánchez and Hyttel,
1999; Maizels and McCarberg, 2005).
At the doses used here, amitriptyline did not change the TFL or the
threshold for MS of EA sham animals. Tricyclic antidepressants are
widely used in the management of neuropathic pain (Sindrup and
Jensen, 1999) but they are known to be poorly (Oatway et al., 2003)
or not effective against thermal (Casas et al., 1995; Loram et al.,
2007) or incision pain (Fais et al., 2012). Therefore, neither EA nor
amitriptyline alone is effective against phasic or incision pain in
non-responder rats. However, EA combined with amitriptyline may
act synergistically to increase the effectiveness of descending pain
inhibitory pathways.
Several neuropeptides such as orphanin FQ, angiotensin II, substance
P, somatostatin, neurotensin and cholecystokinin octapeptide (CCK)
have been reported to be involved in electroacupuncture‐induced analge-
sia (Zhao, 2008), but only CCK has received attention regarding contribu-
tion to individual differences in acupuncture analgesia. The density of CCK
receptors and other genetic factorswas proposed to contribute to individ-
ual differences in acupuncture analgesia (Zhao, 2008). The expression of
CCK-A receptors is much more intense in non-responders than in re-
sponders (Lee et al., 2002). Non-responder rats had a remarkable increase
in spinal CCK release, while responder rats had little increase in spinal re-
lease of CCK (Liu et al., 1999). In addition, the reduction of rat brain CCK
content following intracerebroventricular administration of antisense
oligonucleotides to CCK mRNA converted non-responder rats into re-
sponder rats (Tang et al., 1997).
Blockade of CCK-2 receptors might result in antidepressant-like
effects (Hernando et al., 1994). Chronic imipramine prevents changes
such as hyperactivity of hypothalamic-pituitary-adrenal axis, in-
creased immobility time in the forced swimming test, decrease of
body weight and of sweet water consumption and reduction of hip-
pocampal volume associated with a decreased cell proliferation in
the dentate gyrus, which are taken as correlates of depressive symp-
toms in humans, and is associated in the increase in cortical CCK
release (Becker et al., 2008). To our knowledge, no correlation
between amitriptyline and CCK release has been demonstrated.
However, the possibility remains that amitriptyline converts non-
responder into responder rats by reducing the increase in CCK con-
tent in the brains of non-responder rats.
An increase in neural 5-HT content, especially in the raphe and
spinal cord, has previously been demonstrated in rats following an
EA-induced increase in tail‐ﬂick latency (Han and Terenius, 1982).
The analgesic property of antidepressants involves increased activity
of descending serotonergic and noradrenergic inhibitory pain path-
ways (see Introduction). The increase in central 5-HT was detected
in responder rats but not non-responder rats (Liang et al., 1981). In
contrast, a negative correlation between increased brain norepineph-
rine content and EA-induced analgesia was observed in rats (Han and
Terenius, 1982). However, the analgesic effect of EA depends on the
activation of spinal noradrenergic descending mechanisms (Silva et
al., 2011).
19R.S. Fais et al. / Life Sciences 91 (2012) 14–19Conclusion
Amitriptyline converts non-responder rats to rats that respond to EA
with analgesia in a model of thermal phasic pain and anti-hyperalgesia
in a model of incision pain.
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